Context: A well-structured protocol for a clinical trial may be able to answer clinical questions, but it cannot be deemed enough to ensure success in the face of incompetent management of time as well as human and economic resources. To address this problem, in this article, we present our literature review on evidence as to how a good knowledge of proper management among researchers can enhance the likelihood of the success of clinical trial projects. Evidence Acquisition: Using multiple search strategies, we conducted a literature review on published studies in the English language from 2002 to 2012 by searching the Cochrane Database of Systematic Reviews, MEDLINE, Google Scholar, and EMBASE. Results: Our review suggests that a successful trial requires a work plan or work scope as well as a timeline. The trial manager should subsequently manage the study in accordance with the plan and the timeline. 
Context
Large randomized controlled trials (RCTs) are frequently considered the reference standard for producing high levels of scientific evidence to guide clinical practice (1, 2) . In an attempt to overcome inconsistencies throughout the world, the guideline for good clinical practice (GCP) was approved on 17 July 1996 and implemented for clinical trials from 17 January 1997 (3, 4) . The GCP was followed by a large number of decrees and circulars, increasing the regulatory complexity for the authorization and conduct of clinical trials. The increase in regulatory issues went hand in hand with the refinement of methodologies and research techniques. The inclusion of fewer patients than is required usually results in extended trial periods and raised costs. Hence, one of the most obvious challenges in a trial is to optimize the recruitment of the required number of patients in a timely and efficient manner (5) .
Excellent leadership and negotiation and communication skills optimize managing project deliverables, patient recruitment practices, and compliance with regulatory requirements. On the other hand, a poorly managed clinical trial can lead to product approval delays and increased costs. Moreover, it must not be forgotten that the development of a new drug from synthesis to marketing takes on average 12 years and costs more than 250 million USD (6) , and of more than 10000 molecules synthesized only 1 or 2 will hit the market (7) . If it is true that a wellstructured protocol can answer clinical questions, it is equally true that this is not enough to ensure the success of a study at risk of failure due to inept management (8) .
In the last decades, although a systematic approach to project management has been applied in engineering and construction industries, there is a dearth of data on project management in the context of clinical research. The purpose of this review is to provide an overview of the published literature on how the knowledge of project management can increase the chance of the success of clinical trial projects.
Evidence Acquisition
We searched published studies in the English language from 2002 to 2012 in the Cochrane Database of Systematic Reviews, MEDLINE, Google Scholar, and EMBASE. We reviewed the titles of articles for relevant content, discarded unrelated articles, subjected the remaining articles to abstract review, and subsequently reviewed the selected relevant papers in detail. Finally, we hand searched the reference lists of key studies and reviews and citations thereof to identify any additional articles not captured by the main search strategy.
Results
A clinical trial has many characteristics in common with other types of business projects as is defined in the project management domain (8) . These characteristics include but not limited to the following:
-There are pre-defined objectives to be achieved.
-Identified resources are necessary to achieve these objectives.
-Activities should be planned to achieve the objectives.
-The work should be monitored constantly.
-The criteria for evaluating the results should be defined.
-The results should be evaluated.
-The project is closed when the objectives have been achieved or when the objectives will not or cannot be met, or when the need for the project no longer exists.
Clinical Trials Project Management
Clinical trial management is most simply defined as the process that an organization follows to ensure that quality (defined as minimized risks and clean data) is delivered efficiently and punctually (9) . It refers to a standards-driven process that a project manager initiates and follows in order to successfully manage clinical trial sites, clinical research associates, and workflow by using clinical trial management tools or software (9) . Prolonged timelines and heavy costs related to large trials have prompted a new focus on more efficient clinical trial management (10) . It is possible to dramatically reduce the total cost of a clinical trial by 60% -90% without compromising the scientific validity of the results (11) . Given the modest effect of the most beneficial treatments and the dangers inherent in failing to identify risks before the marketing of cardiovascular drugs, in particular, the importance of clinical trial expenses is increasing in cardiovascular medicine, where the emphasis is on large trials with adequate sample sizes in order to detect the clinically relevant differences (12) . The reduction in the sample size would decrease expenses, but it is not likely to provide adequate power to determine the risks and benefits of a new drug.
The Clinical Trial Project Plans
Similar to many projects in general that are not completed on time, on budget (13) (14) (15) , and to the expected quality (16) , many clinical trials fail to deliver due to the absence of a structured, practical, businesslike approach to trial management. There is no clearly defined code for the management practice of a clinical trial (16) . Although many successful RCTs have been previously produced and have changed clinical practice, the knowledge and expertise achieved on how to deliver such trials have not been broadly published (16) . Lengthy approaches for reviewing the literature, developing a protocol, attracting the fund, and designing data collection forms usually exist; however, rarely does the same approach exist for the management of clinical trial projects (17) .
Each trial requires the development of a work plan (or scope-of-work document) that can be used to clearly define which department is responsible for which task when the study is being conducted by multiple departments out of a single institution. Likewise, the same document can be drawn upon to define responsibilities if multiple institutions (e.g., a coordinating center and a statistical center) are involved. The more the detail included in this document in advance, the more likely it is that the important tasks will not be missed and that each group is not assuming that someone else is responsible for the task. A scope-of-work document can also be utilized to help with budgeting for the different members of the team.
Another critical document to create as part of the initial planning requirements is a timeline with realistic milestones. There are many tools that can be exploited to create a timeline, including Microsoft Project software. Appropriate Gantt charts and resource planning are part of Microsoft Project, but unfortunately not all trial managers either have this readily available resource or know how to input the needed data to make it a useful tool. The timeline, in conjunction with the scope-of-work document, will collectively provide the roadmap for the overall project.
The Life Cycle of a Clinical Trial
A more accurate control, regardless of the therapeutic area or trial stages (all the way through from 'preclinical' phase 1 to 'post-approval' phase 4 studies), is ensured by typically breaking down the life cycle of each clinical trial project into 4 phases: conceptual, planning, implementation, and analysis ( Figure 1) . A project is based on input, which is normally supplied by the sponsor of the project and generates the output (Figure 2 ). An input is the objective to be achieved in a specific predetermined time (enrollment of X evaluable subjects in X months, the sponsor inclusion in the database of data collected in X days, etc.) and is generally described in the contract. A clinical study produces an output that will ultimately help provide answers to the study objectives; these results are described in a clinical study report that states formally the end of the study. As we move through the implementation phase, the amount of work and number of players involved increase significantly and this is where project management becomes more critical. Monitoring is an essential element for project management and is constantly done throughout the duration of the project. It allows managers to collect measures and disseminate performance information in order to identify areas that need special attention and to implement any action improvement (18) . A phase of a project usually ends with a review of the tasks and monitoring of the objectives (Figure 1 ).
The Clinical Trial Protocols
A protocol is a document that describes the purpose, design, methodology, statistical considerations, and organization of a study and provides basic information and rationale for the clinical study. The contents that should be present in the protocol are described by the GCP. The protocol writing is a task for one person, usually the principal investigator, not a committee (19) . The principal investigator should also be supportive and committed, and be available to take the lead on clinical or scientific issues. However, it is not necessary for this person to be involved in the dayto-day running of the trial. It is the responsibility of a trial manager to check how the protocol will be put into practice on a day-to-day basis (19) . Although a well-structured protocol can answer scientific methodological questions during the study, projects may fail even with well-written protocols if it is not meticulously considered how the protocol will be put into practice on a day-to-day basis. The principal investigator and the trial manager, therefore, have overall responsibility for delivering the trial.
Roles and Key Characteristics of a Trial Manager
The project manager is the person responsible for managing the project in order to achieve the objectives in respect of cost and time as well as the technical quality of the result. While trial managers are not required to complete all the tasks, they are responsible for ensuring that all aspects of the project are planned, implemented, monitored, and controlled on a daily basis, and project outputs and outcomes are obtained (20) . Unfortunately, the responsibilities of this role are complex and the body of knowledge available to guide trial managers is still very limited. As Farrell et al. (8) suggested: "It is time to produce standard trial management guidelines and develop robust methods of evaluation." In a research project, "Alcohol and Pregnancy Project", (21) conducted in Australia, at the completion of the project, the researchers were asked via a questionnaire to express their opinion about the application of project management for medical research projects. The responders agreed that project management contributes substantially to the research and emphasized that trial manager characteristics are of essential importance within the team.
A perfect project plan will not ensure the success of a project without its implantation by a strong clinical trial coordinator or manager. The requirements of a clinical project manager are similar to those of any other project manager (communication and presentation skills, ability to organize and motivate others, enthusiasm, drive innovation and leadership, ability to manage the budget of the study and monitor costs, strategic and operational skills to plan and conduct a study, capacity to mediate between the various figures), but also add to these scientific competence and motivation (8) . The manager can detect and correct errors that are sometimes severe (e.g., protocol deviations, deviations in consent), emphasizing the importance of monitoring throughout the conduct of the study (22) . Regular and constant complete communication between the trial manager with the principal investigator and other stakeholders is essential to make sure all aspects remain on track as per the original plan. The figures of a good clinical trial coordinator may be summarized as 30% research knowledge and technical skills and 70% communication skills (9) . 
Challenges of Project Management in Clinical Trials
Clinical trials all need the same coordinated processes and systems, irrespective of the size, scope, costs, or period. The key challenge is then to implement and maintain effective management systems and techniques in response to the needs of the trial project (23) . Drug and biologics development projects have to contend with several factors, including inability to control patient registration, unpredictability of clinical outcomes (e.g., adverse events), and reliance on regulatory agencies (e.g., the FDA in the United States), for the approval of a new drug, which influences schedule and budget as the key performance indicators of project management. As a result, even with the application of project management, the best we can do is to improve our predictions for the launch dates of new products into market.
Another apparent challenge in clinical trials is to register the patient sample size as timely and efficiently as possible (5) . Each clinical trial is unique because one tiny difference in the protocol needs between two trials may lead to drastic changes in yielding recruitment lifecycle and register timing parameters. Many factors such as inclusion/exclusion criteria, visit schedule, recruitment tactics, placebo allotment, development phase, and patient motivation can potentially affect the final number of patients who enroll in the trial. A lower number of available patients than is expected usually results in an extended length of time to recruit a certain number of patients and increased costs. Multicenter trials provide highyielding recruitment strategies that can be advantageous if a large number of patients is required and also offer the advantage of higher generalizability of the findings (24, 25) . However, performing international multicenter trials requires a complex organization, a dedicated and experienced methods center, and motivated participating investigators across the different sites (8, 26) . In the strategies for trial enrollment and participation study (STEPS) (27) , an analysis of 114 multicenter trials demonstrated that 45% failed to reach 80% of the pre-specified sample size. Less than one-third enrolled their original target number of participants within the time originally specified, and around one-third had extensions in time and resources. Among the factors observed more often in trials that recruited successfully was having a dedicated trial manager (odds ratio: 3.80, 95% CI: 0.79 to 36.14; P = 0.087) (27) .
Identifying appropriate clinical sites and setting up realistic enrollment expectations are also challenges in multicenter studies. Because site principal investigators often lack the time to spend on administrative tasks, it is crucial to have a trial coordinator who could adopt much of the time. When making a decision to participate, sites find it more important to have sufficient support than to be offered a financial compensation for participation (28, 29) . In addition, the presence of a trial manager will facilitate an appropriate study infrastructure for the daily management of the study (30) .
Finally, achieving ethics approval is often a lengthy process because procedures, documents, and legislation may vary among participating sites in different countries (31) . It is, therefore, recommended to have dedicated and well-trained trial staff to accomplish these administrative tasks (32) (33) (34) .
The STEPS collaborators (27) proposed that the dimensions of conducting a successful trial comprise marketing, sales, and ongoing client management and identified that in the recruitment stage of a trial, the most demanding activity is to establish and implement a range of effective management techniques parallel to those used in a successful business. They also suggested that future trials consider the different needs at different phases in the life of trials and focus on the process of actually performing trials (27) .
Central Management Versus Local Management
A complete patient follow-up and high-quality data collection in a large multicenter or multinational trial require the establishment of a relatively complex organization (35) . Individual sites generally arrange their local ethics procedures and trial logistics and receive per-patient payments as compensation. Alternatively, a single trial manager may handle all trial-related tasks for multiple sites in a certain geographic area. The fixation using alternative implants for the treatment of hip fractures (FAITH) trial (36) aimed to assess how these two different strategies affect the performance of the trial. In this study, trial progression in the Netherlands, where a central trial manager performed most tasks for multiple centers in a defined geographical area, was better than that in Canada and the United States, where local research assistants were appointed at individual sites. Although the collection of follow-up data was equally adequate in both systems, the central trial management system was related to a shorter trial start-up time, higher inclusion rate, and higher inclusion percentage (36) . Furthermore, the availability of the central trial manager in the Netherlands made it possible for smaller community hospitals to participate in the FAITH multicenter trial. These sites generally lack infrastructure for proper study conduct or the local site's coordinator is normally unable or reluctant to participate in such trials. Be that as it may, these centers treat more patients from the targeted population (e.g., femoral neck fracture patients in the FAITH trial) than large university hospitals. Thus, the availability of a central trial manager can positively influence the recruitment rate.
Conclusions
The numerous and complex regulatory issues introduced into the management of clinical trials according to the GCP as well as medical science advances in methodologies and procedures have rendered the field of clinical research extremely complex. This complexity, however, has conferred a tremendous benefit for both parties involved in the studies: For patients by providing a guarantee for their safety and respecting their rights and for investigators by providing guidelines that, if carefully followed, guarantee valid results. In addition, investigators, who are employed to implement the GCP in the conduct of clinical studies, have also begun to apply them to clinical practice with clear benefits for patients. This has significantly increased the workload of investigators and the need for having a project management with scientific background, knowledge, and regulatory skills in conducting clinical research. The clinical project manager is a professional who applies the definition of project management to the field of clinical research to ensure that all stages of a clinical trial are properly managed, that the objectives of the trial are achieved on time, on budget, and according to the GCP, and that the safety of the subjects participating in the clinical trial and the quality of collected data are guaranteed.
There are many challenges associated with the management of clinical trial projects. One of the most obvious challenges in trials is to register an efficient sample size of patients in a timely fashion. Another challenge in a multicenter study is to identify appropriate clinical sites and set up realistic recruitment expectations. Finally, the key challenge is to implement and maintain effective management systems and techniques in response to the needs of the trial project.
Project management in health and medical research may substantially benefit both the managerial and scientific aspects of medical projects. It is also suggested that project management could reduce a proportion of fund waste. However, there is still no randomized controlled trial to compare trial projects progressed with and without the use of project management. We recommend such a comparison to provide a high level of evidence in this regard.
